ABSTRACT: Supply chain planning is an integrated process in which a group of several organizations, such as suppliers, producers, distributors and retailers, work together. It comprises procurement, production, distribution and demand planning topics. These topics require taking strategical, tactical and operational decisions. This research aims to reveal which supply chain topics, which decision levels, and which optimization methods are mostly studied in supply chain planning. This paper presents a total of 77 reviewed works published between 1993 and 2016 about supply chain planning. The reviewed works are categorized according to following elements: decision levels, supply chain optimization topics, objectives, optimization models.
Introduction
A supply chain (SC) can be defined as an integrated system synchronizing a series of interrelated business processes in order to: (1) acquire raw materials and parts, (2) transform these raw materials and parts into finished products, and (3) distribute these products to either retailers or customers (Fahimnia et al.,2013) .
Supply chain is the integration and coordination of procurement, production, distribution and demand planning. These planning activities require taking strategical, tactical and operational decisions. And optimization models are being developed to operate these activities in the supply chain.
The objectives of this paper are to (i) review the literature, (ii) analyze and categorize the works based on the decision levels, supply chain topics, optimization models, (iii) identify future research directions.
The remainder of the paper consists of three other sections. The next section introduces the review methodology. Then Section 3 presents the taxonomy of the reviewed papers. Finally, the last section provides the conclusions and directions for future research.
Review Methodology
The literature search is carried out with scientific-technical bibliographic databases which include publishing portals like Science Direct, Springer & Kluwer, Elsevier, Taylor & Francis, Wiley. Additionally, internet sources are used. The following search criteria are applied: Production and distribution planning in supply chains, production and transport planning in supply chains, production, distribution, and inventory planning in supply chains, supply chain optimization methods, multiobjective programming of production and distribution planning, integrated supply chains. 77 papers were collected for the study with the years between 1993 and 2016. Papers are categorized into 3 groups: According to decision levels, according to their topics, according to optimization models used. These papers were obtained from journals (98.7%) and congress papers (1.30%). Table 1 shows distribution of papers according to journals and impact factor of journals. 
Taxonomy
In this section 77 reviewed works are categorized according to decision levels, supply chain optimization topics and optimization models. Huang et al. (2003) proposed four classification criteria as: supply chain structure, decision level, modeling approach and shared information. In this paper, Huang's taxonomy is used as a reference. Decision level and modeling approach are used between of them. And in addition to them, supply chain optimization topic and objective are used. So four classification criteria are proposed: Decision level, supply chain optimization topic and supply chain optimization model and objective. Supply chain structure and shared information criteria will use in future study.
These criteria are briefly described below: 
Review of The Works According to "Decisions Levels"
Decision levels are mainly classified by the extent or effect of the decision to be made in terms of time (Mula et al.,2010) .
Strategical decisions consist of long term plans about 5 years or longer. These decisions are about determination of supply chain design and strategies. Selecting production, storage and distribution locations can be given as examples.
Tactical decisions consist of medium term plans about annually or monthly. These decisions are about supply chain planning. Purchasing decisions, inventory planning, procurement planning, demand forecasting, production and distribution planning, assigning production and transport capacities can be given as examples.
Tactical planning in a supply chain incorporates the synchronized planning of procurement, production, distribution and sale activities, in order to ensure that the customer demand is satisfied by the right product at the right time (Swaminathan & Tayur, 2003) .
Operational decisions consist of short term plans about daily or hours. Scheduling of production, determination of distribution routing, scheduling of vehicle loading, scheduling of deliveries can be given as examples.
The reviewed works according to decision levels are categorized into 3 levels: Strategical, tactical and operational. Table 2 , classifies the works reviewed in terms of the decision level. The numbers of reviewed works according to decisions levels are shown in table 3. Table 3 indicates that Tactical Planning is the most studied planning/decision level. (Chandra, 1993) , (Martin et al.,1993) , (Fisher & Chandra, 1994) , (Chen & Wang, 1997) , (Mcdonald & Karimi, 1997) , (Lucas et al., 2001) , (Sakawa et al., 2001) , (Gupta & Maranas, 2003) , (Ryu et al.,2004) , (Bertazzi et al.,2005) , (Lei et al.,2006) , (Oh & Karimi, 2006) , (Roghanian et al.,2007) , (Park(a), 2007) , (Dhaenens-Flipo & Finke, 2001) , (Liang, 2007) , (Boudia(a) et al.,2007) , (Selim et al., 2008) , (Jung et al.,2008) , (Torabi & Hassini, 2008) , (Boudia (a) et al.,2008) (Chen et al.,2009 ), (Çetinkaya et al.,2009) , (Leung & Chan, 2009) , (Safaei et al.,2010) ,(Bard(c) & Nananukul(c), 2010) , (Shiguemoto & Armentano, 2010) , (Ozdamar & Yazgac, 2010) , (Lee(b) et al.,2010), (Fahimnia et al.,2015) , (Archetti et al.,2011) , (Armentanoa et al.,2011 ),(Mirzapour et al., 2011 , (Jolaia et al.,2011) , (Amorim et al.,2013) , (Khakdaman et al.,2014) , (Khakdaman et al.,2014) , (Zhang et al.,2014) , (Adulyasak et al.,2014) , (Liu et al.,2015) , (Keskin et al., 2015) , (Senoussi et al.,2015) , (Brahimia & Aouamb, 2015) , (Darvish et al.,2016) , , , (Carvalho & Nascimento, 2016) x (Fumero & Vercellis, 1999) , (ZareReisabadi & Mirmohammadi, 2015) , (Stacey et al.,2007) , (Bilgen & Çelebi, 2013) , (Shi et al., 2015) x (Timpe & Kallrath, 2000) , (Sabri & Beamon, 2000) x x (Jayaraman & Pirkul, 2001) , (Jang (a) et al., 2002) , (Liu & Lee, 2003) , (Kuhna & Liskea, 2011) , (Choudhary & Shankar, 2014) , (Garg et al.,2015) x x (Chern & Hsieh, 2007) , (Adil & Kanyalkar, 2007) , (Chen et al.,2009 ), x x (Songsong & Papageorgiou, 2013) , (Nasiri et al.,2014) , (Mu˜noz et al.,2015 ) (Paksoy & Chang, 2010) , (Shi et al.,2012) , (Pan & Rakesh, 2013) , (Nezhad et al.,2013) , (Varseia & Polyakovskiy, 2015) , (Pasandideh et al.,2015) , (Ardalan et al.,2016) , x 
Review of the Works According to "Supply Chain Optimization Topics"
In this section, the categorization of reviewed works is presented according to supply chain optimization topics. Reviewed works show that integrated topics are trend for studying, so most of the work does not only study one topic like production planning, they are working about more than one topic like integration of production and distribution planning. And it is also dedicated from reviewed works that Production Planning/Scheduling and Distribution/Routing Planning are the most studied integrated topic. Table 4 , classifies the works reviewed according to supply chain optimization topics. (Chandra, 1993) , (Stacey et al.,2007) x x (Martin et al.,1993) , (Fumero & Vercellis, 1999) , (Timpe & x x x Kallrath, 2000) , (Lei et al.,2006) , (Shiguemoto & Armentano, 2010) , (Fahimnia et al.,2015 ) (Fisher & Chandra, 1994) , (Chen & Wang, 1997) , (Sakawa et al.,2001) , (Ryu et al.,2004) , (Bertazzi et al.,2005) , (Oh & Karimi, 2006) , (Roghanian et al.,2007) , (Park(a), 2007) , (Dhaenens-Flipo & Finke, 2001) , (Liang, 2007) , (Boudia(a) et al., 2007) , (Selim et al.,2008) , (Boudia (a) (Archetti et al., 2011) , (Armentanoa et al.,2011) , (Chen et al.,2009 ), (Amorim et al.,2013) , (Bilgen & Çelebi, 2013) , (Nasiri et al.,2014) , (Adulyasak et al.,2014 ) x x (Mcdonald & Karimi, 1997) , (Gupta & Maranas, 2003) , (Torabi & Hassini, 2008) , (Khakdaman et al.,2014) , (Leung & Chan, 2009 ), (Mirzapour et al.,2011 , (Brahimia & Aouamb, 2015) , (Shi et al.,2015) x (Zare- Reisabadi & Mirmohammadi, 2015) , (Khalili-Damghani & TajikKhaveh, 2015) , (Darvish et al.,2016) x (Sabri & Beamon, 2000) x x (Jayaraman & Pirkul, 2001) , (Jang(a) et al.,2002) , (Mu˜noz et al.,2015) x x x (Lucas et al.,2001) x (Liu & Lee, 2003) x x x (Chern & Hsieh, 2007) x x x x (Adil & Kanyalkar, 2007) , (Senoussi et al.,2015) , , x x x (Jung et al.,2008) , (Jolaia et al., 2011) x (Paksoy & Chang, 2010) , (Shi et al.,2012) , (Pan & Rakesh, 2013) , (Varseia & Polyakovskiy, 2015) , (Garg et al.,2015) , (Ardalan et al.,2016) x (Kuhna & Liskea, 2011) x x (Nezhad et al.,2013) x (Songsong & Papageorgiou, 2013) , (Zhang et al.,2014) x x x (Choudhary & Shankar, 2014) x x (Pasandideh et al.,2015) x x x x (Liu et al.,2015) , (Keskin et al.,2015) x x (Carvalho & Nascimento, 2016) x x Table 5 shows that Production Planning/Scheduling-Distribution/Routing Planning is the most studied integrated topic. And following this, the other integrated topic is Production Planning /Scheduling-Distribution/Routing Planning-Inventory Planning. 
Review of The Works According to "Optimization Models"
Optimization models are used to operate supply chain processes effectively. These models can handle complexity of supply chain. There are many optimization models used in supply chain processes. In this review, the optimization models are limited considering optimization models used in reviewed works. Table 6 , classifies the works reviewed according to optimization models. (Chandra, 1993) , (Martin et al.,1993) , (Bertazzi et al.,2005) , (Boudia (a) et al.,2008) , (Lei et al.,2006) x DCOMPH (Fisher & Chandra, 1994) , (Fumero & Vercellis, 1999) , (Jayaraman & Pirkul, 2001) , (Lucas et al.,2001) , (Stacey et al.,2007) , (Shi et al.,2012) , (Pan & Rakesh, x LRH 2013) , (Darvish et al.,2016) , , (Carvalho & Nascimento, 2016 ) (Chen & Wang, 1997) , (Ryu et al.,2004) , (Oh & Karimi, 2006) , (Dhaenens-Flipo & Finke, 2001) , (Jung et al.,2008) x (Mcdonald & Karimi, 1997) , (Timpe & Kallrath, 2000) , (Paksoy & Chang, 2010) , (Archetti et al.,2011 ), (Mirzapour et al.,2011 x (Zare- Reisabadi & Mirmohammadi, 2015) x ANT-TABU (Sabri & Beamon, 2000) x MOMIPH (Sakawa, et al.,2001) , (Liang, 2007) , (Selim et al.,2008) x (Jang(a) et al.,2002), (Nasiri et al.,2014) x LR-GA (Gupta & Maranas, 2003) x (Liu & Lee, 2003) x ITRH (Chern & Hsieh, 2007) , (Songsong & Papageorgiou, 2013) x MOLPH (Roghanian et al.,2007) , (Adil & Kanyalkar, 2007) , (Leung & Chan, 2009 ), (Pasandideh et al.,2015) , (Varseia & Polyakovskiy, 2015) x (Park(a), 2007) x MIP-LIMP (Boudia(a) et al.,2007) x GRASP (Torabi & Hassini, 2008) x (Çetinkaya et al.,2009) , (Chen et al.,2009) , (Bard(c) & Nananukul(c), 2010), (Ozdamar & Yazgac, 2010) , (Bilgen & Çelebi, 2013) , (Nezhad et al.,2013) (Khakdaman et al.,2014) , (Zhang et al.,2014) , (Liu et al.,2015) , (Keskin et al.,2015) , (Senoussi et al.,2015) , (Brahimia & Aouamb, 2015) x MIPH (Safaei et al.,2010) x HYBRID SIM (Shiguemoto & Armentano, 2010) , (Armentanoa et al.,2011) x TABU (Lee (b) et al.,2010) x HYBRID SA (Fahimnia et al.,2015) x GA-SA (Kuhna & Liskea, 2011) x SAVING-2OPT (Jolaia et al.,2011) , (Choudhary & Shankar, 2014) , (Khalili-Damghani & Tajik-Khaveh, 2015) , (Garg et al., 2015) x (Adulyasak et al.,2014) x ADAP. NSA (Mu˜noz et al.,2015) , (Shi et al.,2015) x LR-DCOMP x CLUS-DCOMP (Ardalan et al.,2016) x LR-SSG Table 7 shows number of reviewed works according to optimization methods. It can be inferred from that heuristics is the most studied optimization method. 
Review of The Works According to "Objective/s"
Objective/s are decided before solving optimization models. All the developed models consider minimization or maximization of objective or a combination of both. In this review, objective/s are limited considering objective/s used in reviewed works. These are maximizing product rate (MPR), maximizing revenues (MR), maximizing benefits (MB), minimizing costs (MC), maximizing service level (MSL), maximizing customer satisfaction (MCS), and minimizing environmental impact (MEI). Table 8 , classifies the works reviewed according to objective/s. (Chandra, 1993) x (Martin et al.,1993) , (Mcdonald & Karimi, 1997) , (Chen & Wang, 1997) , (Oh & Karimi, 2006) , (Jung et al.,2008) (Bilgen & Çelebi, 2013) x (Fisher & Chandra, 1994) , (Fumero & Vercellis, 1999) , (Sabri & Beamon, 2000) , (Jayaraman & Pirkul, x 2001) , (Sakawa et al.,2001) , (Jang(a) et al.,2002) , (Gupta & Maranas, 2003) , (Liu & Lee, 2003) , (Ryu et al.,2004) , (Bertazzi et al.,2005) , (Lei et al.,2006) , (Chern & Hsieh, 2007) , (Stacey et al.,2007) , (Roghanian et al.,2007) , (Adil & Kanyalkar, 2007) , (Dhaenens-Flipo & Finke, 2001) , (Liang, 2007) , (Boudia(a) et al.,2007) , (Boudia (a) et al.,2008) , ( (Çetinkaya et al.,2009) , (Safaei et al.,2010) , (Bard(c) & Nananukul(c), 2010), (Shiguemoto & Armentano, 2010) , (Ozdamar & Yazgac, 2010) , (Paksoy & Chang, 2010 ), (Lee(b) et al.,2010 , (Archetti et al.,2011) , (Armentanoa et al.,2011) , (Kuhna & Liskea, 2011) , (Shi et al.,2012) , (Amorim et al.,2013) , (Pan & Rakesh, 2013) , (Nezhad et al.,2013) , (Choudhary & Shankar, 2014) , (Khakdaman et al.,2014) , (Nasiri et al.,2014) , (Adulyasak et al.,2014) , (Pasandideh et al.,2015) , (Mu˜noz et al.,2015) , (Liu et al, 2015) , (Keskin et al.,2015) , (Senoussi et al.,2015) , (Brahimia & Aouamb, 2015) , (Shi et al., 2015) , , (Zare-Reisabadi & Mirmohammadi, 2015) , (Fahimnia et al.,2015) , (Carvalho & Nascimento, 2016 ) (Timpe & Kallrath, 2000) x x (Lucas et al.,2001) x (Park(a), 2007) , (Chen et al.,2009) , , (Ardalan et al.,2016) , x (Selim et al.,2008) x x x (Torabi & Hassini, 2008) , (Mirzapour et al.,2011) , (Songsong & Papageorgiou, 2013) , (Khalili-Damghani & Tajik-Khaveh, 2015) , (Darvish et al.,2016) x x (Leung & Chan, 2009) x x x (Jolaia et al.,2011) , (Garg et al.,2015) x x (Zhang et al., 2014) x x x Table 9 shows number of reviewed works according to objective/s. It can be inferred from that minimizing costs is the most studied objective function in optimization models. Table 10 shows number of reviewed works according to multiple/single objective/s. It can be inferred from single objective is the most studied. 
Conclusions and Further Research
This paper presents a review of optimization studies about supply chain planning. A total of 77 reviewed works published between 1993 and 2016 are used as references. Huang et al. (2003) proposed four classification criteria: supply chain structure, decision level, modeling approach and shared information. Huang's taxonomy is used as a reference here, and two classification criteria are selected from classification criteria proposed by Huang et al. (2003) . And new classification criteria are added to them. And finally we proposed four classification criteria: decision level, supply chain optimization topic, supply chain optimization model and objective/s. This paper's purpose is to provide general overview of supply chain optimization works and directions for future research. It can be starting point for researchers. They can see which supply chain topics are popular for working, and which decision/planning level are mostly studied and which optimization method is the most preferred, and which objective/s is/are mostly studied. It would be useful for them to see supply chain topics that weren't studied more.
The conclusions drawn from this work show that: 1. 7 of 77 works reviewed are about strategical decisions, 53 of them are about tactical decisions, 3 of them are about operational decisions, 6 of them are about both strategical and tactical decisions, 2 of them are both strategical and operational decisions, and six of them are about both tactical and operational. We can infer from that most of the works reviewed are interested in tactical decisions.
2. Majority of reviewed works are about integrated planning. The most popular topic is integrated production planning and distribution planning or production scheduling and routing planning. 28 of 77 reviewed works are about this topic. Today most of the studies are focused on real supply chain cases. So it can be the reason for why production planning and distribution planning or production scheduling and routing planning is the most popular topic.
3. The most preferred optimization method is heuristics; 53 of 77 works reviewed use heuristics. In real supply chains, the product types are changing, the number of customers and the number of members like suppliers, distribution centers, and depots are increasing. Developing a supply chain model that considers production, distribution and inventory planning becomes complicated, and this complexity can't be solved by classical optimization methods in a short time. So, heuristics are widely used to overcome this complexity and provide solutions within a reasonable time.
4. The most studied objective is minimizing costs; 49 of 77 works reviewed use minimizing costs in objective function. And 66 of 77 works reviewed use single objective in optimization model. In real business world single objective is not sufficient to firm success, there are conflicting objectives so multiple objectives are considered together.
After this review, following future directions can be proposed: In further studies, supply chain structure, supply chain cost (holding cost, purchase cost, production cost, etc.), and aspects relating to modeling and solving the problem: production (number of products, production capacity, set up times etc.) , inventory (safety stock available, inventory capacity etc.), routing (fleet and number of vehicles, number of visits, transport parameters like distance, time period etc.), can be added as classification criteria.
Real supply chain case studies can be analyzed and these studies can be categorized according to business branch, and other criteria.
Which heuristic methods are used mostly can be studied according to supply chain topics (production planning/scheduling, distribution/routing planning, inventory planning, procurement planning, etc.). And these heuristic methods can be compared according to their performances. The most studied single/multiple Objective/s can be categorized according to supply chain topics (production planning/scheduling, distribution/routing planning, inventory planning, procurement planning, etc.).
Future research can focus on supply chain problems by considering multiple real-life limitations like resource constraints, capacity constraints, loading constraints etc.
